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ABSTRACT
Sclerotinia- camelliae Kara is the causal agent of
camellia petal blight, the most destructive disease of
camellia flowers.

Present control measures do not insure

disease free flowers,

A study of factors influencing

sclerotial production and germination and fungal longevity
and growth was undertaken in an attempt to learn more about
the host-parasite relationship.
Storage temperature was an important factor in the
longevity of S. camelliae in culture.

The fungus was

reisolated from wheat cultures stored at 15 C for 30 months
but was not recovered from cultures stored at 20 C for 12
months.

Stock cultures were maintained on buffered wheat

cultures containing biotin and thiamine.
The addition of thiamine and biotin to a semisynthetic
medium induced microconidial formation.

Many natural

product extracts and organic and inorganic nitrogen sources
stimulated sclerotial production.

The most satisfactory

medium for sclerotial production contained wheat flour,
carrot juice, biotin and thiamine.

More sclerotia were

produced at 16 C than at any other temperature.

Maturation

of sclerotia was delayed by temperatures above 16 C,

The

largest number of microconidia was produced at a constant
temperature of 20 C,

vi

Sclerotia responded to five day treatments of -10 C
and/or 38 c by producing mycelium.

The response was

duplicated by the addition of biotin and thiamine in the
presence of free water,

Sclerotia were not stimulated to

produce apothecia by chemicals, thermoperiods, a photoperiod,
or by attempts to spermatize them with microconidia.
The optimum temperature for growth of S. camelliae
was 20 C,

The fungus grew best over a pH range from 3.5-^,5

with the optimum being ^,0,
Sclerotinia camelliae produced large amounts of a
mucilaginous material which stained positive for polysaccharide
in the periodic acid-Schiff*s reaction which made it necessary
to separate total dry weight into a mycelial and a
polysaccharide fraction.

Glucose, sucrose, fructose,

mannose, and raffinose were good carbon sources for both
total dry weight and mycelial growth.

The total dry weight

increased with increasing amounts of sugar in the medium.
The highest percent of mycelial growth occurred at a
glucose concentration of 15 g/l.
The fungus was able to utilize both organic and
inorganic nitrogen sources.

Nitrates and ammonia were

preferred over amino acids with the exception of valine,
A nitrogen concentration of 0,5 g/l produced maximum
mycelial growth; whereas, maximum polysaccharide production
occurred over a range of 0,25-0,75 g/l.

In the absence of

nitrogen, 93*^# of the total dry weight of the fungus was
polysaccharide,
vii

Sclerotinia camelliae showed an absolute requirement
for biotin and a partial requirement for thiamine in both
deletion and addition experiments.

viii

INTRODUCTION
Sclerotinia camelliae Hara, causal agent of camellia
petal blight, is the most destructive pathogen of camellia
flowers.

Following infection, the fungus spreads rapidly

throughout the flower tissue and produces a sclerotium at
the base of the flower.

The sclerotium remains dormant

until late winter or early spring and then germinates to
produce apothecia,

Microconidia are produced on petals

and sclerotia under moist conditions but appear to be
nonfunctional (l4).
Camellia petal blight, first reported from Japan by
Hara (l6), is now prevalent throughout most of the camellia
growing areas of the United States (3* 7» 11» 28),
Quarantines have not halted the spread of S. camelliae
and soil treatments with terraclor do not insure disease
free flowers (l).

Any treatment which would stimulate

apothecial production out of season might give satisfactory
control of the fungus by eliminating ascospores, the only
source of inoculum.
Interrelationships of environmental and nutritional
factors are so complex that the influence of a single
variable cannot be evaluated in vivo.

A comparative

knowledge of factors influencing sclerotial production
and germination and fungal growth are important to any
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study leading to the understanding of the host-parasite
relationship.
Recent investigators have recognized the difficulty
of maintaining continuous stable cultures of S, camelliae
(1, 2, 4, 28).

The fungus was stored as sclerotia and

isolated in pure culture whenever needed, although this
technique was difficult because of contamination.

Cultures

maintained on potato-dextrose agar (PDA) were subcultured
frequently to avoid loss of viability,

Hyphal tips were

used for subculturing because older, tougher mycelium from
the same culture generally produced very eratic growth or
no growth at all,

Alford

(l) and Sinclair (2) reported

cultures viable after 195 days on potato-sucrose broth
with continuous aggitation.

McCain (22) was able to revive

cultures kept on PDA at room temperature for 9 months.
The survival of a fungus in culture is the result
of interacting factors such as temperature, natural lytic
factors, and dessication (27),

The problem is to maintain

a viable culture in a dormant condition, thereby minimizing
genetic changes,
Hansen and Thomas (1*0 first used whole wheat kernels
as a medium to produce S. camelliae sclerotia, but did not
report on longevity of the fungus mycelium in culture.
Mycelium of surprising persistence has been reported using
whole wheat,

Russell (25) reported the hyphae of

Helminthosporium sativum survived more than 15 years in

3
wheat cultures and Alternaria tenuis hyphae survived more
than 7 years.
In nature, a sclerotium of S, camelliae germinates
to form a stipe with an apothecium at its apex.

Haasis

and Winstead (1 3 ) reported as many as 45 apothecia produced
by one sclerotium, although four to eight apothecia are
commonly produced.

Hansen and Valleau (15) reported that

stipes from S, sclerotiorum and _S, trifoliorum were produced
in total darkness hut required diffuse sunlight to produce
normal apothecia.

Thermoperiod studies with S, trifoliorum

(2 6 ) showed that diurnal variations of 7 C for 4-8 hours
and 21 C for 16-20 hours stimulated production of 1-2
stipes per sclerotium after 2 7 days.
In some Sclerotinaceae successful spermatization
between compatible isolates resulted in the production of
apothecia.

The sex organs consisted of receptive bodies

(stipes) and spermatia (microconidia),

The fungus, S.

gladioli was found to be self-sterile and cross-fertile by
Drayton (9).

Sclerotinia borealis was reported by Groves

and Bowerman (12) to be both self- and cross-fertile.

They

also reported apothecial formation by unspermatized cultures,
Anzalone (4) reported the stimulation of stipe
formation by sclerotia of S, camelliae with presoak
treatments of gibberellic acid.

When naturally produced

sclerotia were treated with 100 ppm of gibberellic acid

for 1-8 hours, they produced 57 times as many stipes as
untreated sclerotia.
Environmental temperature affects all biological
processes of fungi because of its effect on the enzymes
involved.

Temperature optima for most plant pathogenic

fungi are between 20 and 3° C while almost half have
their optima between 26 and 3° C (8),

Processes such as

mycelial growth, sclerotial formation, and microconidial
production may be correlated with different temperature
optima.

These optimum temperatures can be useful in

determining the interrelations between these different
biological processes.

The temperature optima first

reported by Hansen and Thomas (1*0 for S. camelliae were
15-18 C for mycelial growth and sclerotial production,
and Zh C for microconidial production,

Barnett and Lilly

(5) reported microconidial production greatest near 25 C
and mycelial growth more rapid at 25 than 18 C,
reported sclerotial formation greatest near 18 C,

They
Haasis

and Winstead (13) reported maximum mycelial growth at
20 C and little or no growth at Zh or 28 C,
In general, fungi tolerate relatively narrow ranges
of hydrogen ion concentrations.

Since pH is not a unitary

factor, the mechanism of its action differs at different
concentrations of hydrogen ions.

Because the pH of the

medium is affected during growth by different metabolic
activities, a buffering system is generally used to

stabilize the medium,

Mo3t plant pathogenic fungi grow

best in media with an initial pH of 5*0-6.5 (8),

Fungi

reported to have a pH optimum around 4.0 include Phvcomyces
blakesleeanus. Merullus confluens, and Cercospora kikuchii
(8),

Barnett and Lilly (5) reported that an initial pH

after autoclaving of 5*0 seemed to be near optimum for
mycelial growth of S, camelliae.
Carbon compounds serve two essential functions in the
metabolism of fungi*

(a) they supply the carbon needed for

the synthesis of cell components, and (b) they are the
primary source of energy through their oxidation (8).

Of

the six-carbon sugars, glucose is biologically the most
important and is utilized for growth by virtually all
cultivated fungi (8).

There are no published accounts of

the carbon requirements of S. camelliae.
There is no single pattern of nitrogen utilization
which can be applied to all fungi.

Robbins (24) divided

the fungi into four main physiological groups according
to the!

nitrogen requirements*

group I included fungi

capable of utilizing molecular nitrogen, nitrates, ammonium
salts, and organic nitrogen* group II included fungi capable
of utilizing nitrates, ammonium salts and organic nitrogen;
group III included fungi capable of utilizing ammonium
salts and organic nitrogen* and group IV contained fungi
which utilized organic nitrogen.

Ammonium salts and

nitrates are usually suitable sources of nitrogen for most

fungi (2 3 ).

Failure to utilize nitrite nitrogen may in part

result from a pH effect, particularly in acidic media.
Amino acids are utilized directly by most fungi and the
available evidence suggests that they are incorporated
directly into protein and are not degraded first to ammonia
(23).
In fungi the relative effects of the presence of
vitamins in the medium are usually measured by the
resultant mycelial growth.

Vitamins are also known to

affect reproduction and other processes (21),

Vitamin

deficiencies among the fungi occur for only certain members
of the water-soluble, B-complex group.

The most common

vitamins involved include biotin, thiamine, inositol,
pyridoxine, nicotinic acid, and panthothenic acid (10),
Fungi may have a total, partial, or multiple deficiency
for vitamins,

Barnett and Lilly (5) found a total

deficiency for biotin and a partial deficiency for thiamine
and inositol in S. camelliae.
The measurement of mycelial growth by total dry
weight determination can be deceptive inasmuch as it can
represent the accumulation of polysaccharides, lipids, and
other materials either trapped or extruded by the mycelium
(8),

Bernier (6) reported the production of an

extracellular polysaccharide by four wood rotting fungi
which was favored by a high carbohydrate-low nitrogen
medium.

The primary objectives of this study were as follows
(1) to develop media for extending the longevity of the
fungus in culture and for the production of sclerotia*
(2) to determine the effect of temperature on sclerotial
and microconidial formation*

(3) to determine the

effectiveness of a sexual mechanism, chemicals, photoperiod
and a thermoperiod on apothecial formation* and (4) to
determine the effect of temperature, hydrogen ion
concentration, carbon, nitrogen, and vitamins on growth.
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MATERIALS & METHODS
Two isolates of S. camelliae were usedt

H, isolated

January 26 f 1 9 6 8 from petal tissue collected at the
Louisiana State University Horticultural Garden and used
in the longevity experiment* and M, isolated February 7,
1 9 6 9 from petal tissue collected at the private camellia
garden of Mrs. T. K, McKnight (?2*+8 Perkins Road, Baton
Rouge) and used in the remainder of the study.

Naturally

produced sclerotia were collected at both gardens and
either used immediately or stored dry at room temperature.
The longevity of the fungus in culture was studied
on whole wheat with and without additives of various amounts
of carrot juice.
for 30 months.

These cultures were stored at 15 and 20 C
Attempts to reisolate the fungus were made

at 6-month intervals.

The effect of biotin and thiamine

on mycelial growth in wheat cultures was studied in
buffered (0.15 M citrate-phosphate, pH 3*5) and unbuffered
systems.

Plate cultures contained *K) g wheat, 50 ml

distilled water, and 5 and 100 jxg/l biotin and thiamine,
respectively, where appropriate.
When inoculum was needed, individual wheat kernels
from stock cultures were placed on PDA and incubated at
20 C.

The inoculum consisted of 7-mm discs of mycelium

cut from the advancing margin of a 5-7 day old culture.

The effect of various additives on sclerotial
production was evaluated in a semisynthetic medium
consisting of 5 0 . 0 g sucrose, 3 , 0 g potassium nitrate,
1 , 0 g monopotassium phosphate, 0 . 5 g magnesium sulfate
heptahydrate, 0 . 2 mg ferric sulfate, 0 , 2 mg zinc sulfate
heptahydrate, 0 . 1 mg molybdenum sulfate, and 1 5 g agar per
liter distilled water.

The effect of freshly ground wheat

flour ( 5 0 g/l), commercial carrot juice ( 1 0 0 ml/l), biotin
(5 ^ig/l)* and thiamine ( 1 0 0 ^ig/l) on sclerotial production
was evaluated in terms of the total dry weight, number, and
average dry weight of sclerotia per culture.

Cultures were

incubated 3 weeks at 15 C,
'

The effect of temperature on sclerotial and

microconidial production was evaluated over a range of 1 2 -2 ^
C,

A glucose-wheat agar (GWA) medium containing the synthetic

nutrients described above, with flour ( 5 0 g/l) and glucose
(50 g/l) instead of potassium nitrate and sucrose was used in this
experiment. The number of mature and immature sclerotia were recorded
after 3 weeks.

At this time one culture per treatment was

flooded with 10 ml of distilled water plus TWEEN (2 drops
per 250 ml water).

The fluid was agitated and the colony

surface gently scraped with a rubber policeman.

The number

of microconidia was determined by direct count using a
hemocytometer.
The influence of pre-incubation temperatures on mycelial
formation by sclerotia produced on GWA'was:investigated,
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Sclerotia were placed in petri plates containing sterile
vermiculite and kept moist at room temperature (ca. 25 C)
or 38 C for 5 days, then transferred to room temperature or
-10 C for an additional 5 days.
on 25 ml of
15 C.

Sclerotia were then placed

water agar in 125 ml Erlenmeyer flasks at

The percent of sclerotia producing mycelium after 3

weeks was recorded.
The effects of temperature, position of sclerotia in
the flask, and vitamins were also investigated.

Sclerotia

were placed on or under the agar in the presence and/or
absence of biotin and/or thiamine.

The presence of mycelium

after 1 and 12 weeks was recorded.
Various methods were tested for apothecial formation
by sclerotia of S. camelliae.

The possible existence of

a sexual mechanism for apothecial formation was also
investigated.

Ten isolates of the fungus were collected

at random from the Horticultural and McKnight gardens,
Microconidia were produced by all isolates and sclerotia
were produced by nine of the isolates,

Sclerotia were

placed on soil extract for 3 weeks at 10 C and kept moist
with sterilized soil extract,

Microconidia from each

isolate were gently brushed on sclerotia from the nine
isolates producing sclerotia and these "spermatized"
cultures were kept moist at 15 C.

They were observed for

apothecial production over a two month period.

11
Various chemicals were also tested for their ability
to stimulate the formation of apothecia.

One hundred and

fifty ml of 1,57$ water agar was poured into sterile, 150 mm
moisture chambers.

A 12-rom agar plug was

the side and one ml of test solution
well.

removed near

-pipetted

into

the

As the chemical diffused outward, a concentration

gradient developed throughout the chamber.

Ten sclerotia

produced on GWA were placed at selected distances from the
well.

The chambers were placed at 15 C and checked

frequently for apothecial formation.

Thermoperiod and

photoperiod was also investigated for possible stimulatory
action.

An 8 hour night at 5 C was combined with a 16 hour

day at 15 C.

Twenty-five sclerotia from each of the

following sources were used in this study*

produced on

GWA, collected and stored at room temperature for 1 year,
and collected just prior to use.

The sclerotia were placed

in sterile, 150 mm moisture dishes containing peat moss.
These chambers were kept moist with distilled water and
observed periodically for apothecial formation for 1 month.
The effect of temperature on growth of S. camelliae
was investigated at 5-degree intervals from 5-30 C,
Cultures were grown 7 days in 25 ml of potato-dextrose
broth in 250-ml Erlenmeyer flasks.

Mycelium was collected

after 9 days at 20 C and dried at 90-95 C for 2*f™4>8 hours
in tared aluminum moisture dishes.

Treatments were replicated

three times and the experiment was performed twice.

The influence of pH and nutritional factors on growth
of S, camelliae was measured in a liquid synthetic medium
containing 15 g glucose, 3 . 0 3 g sodium nitrate, 0.4 g
potassium chloride, 0 . 2 g calcium chloride,

0 , 5 g magnesium

sulfate heptahydrate, 1 , 0 g monopotassium phosphate,

0 , 2 mg

ferric sulfate, 0 . 2 mg zinc sulfate heptahydrate, 0 . 1

mg

molybdenum sulfate, 5 Jig biotin, a n d 10 jag thiamine per 1
distilled water.

This medium was buffered at pH 4.0 with

0 . 1 5 M citrate-phosphate buffer.

The glucose solution was

autoclaved separately for 15 minutes at 121 C and
aseptically added prior to inoculation.

The various factors

affecting growth were compared in still cultures containing
25 ml medium in 250 ml Erlenmeyer flasks.
incubated at 20 C for 9 days.

Cultures were

Fungal growth was harvested

and placed in tared, aluminum moisture dishes at 9 0 - 9 5 C
for 24-48 hours.
and were used

All data

were expressed as mg dry weight

as a measure of growth.

The effect of pH on growth was investigated using
the synthetic
2 .3- 7 . 0

medium.

The pH was buffered over the range

with citrate-phosphate.

An uninoculated

flask

was used as a pH check for the final pH of the medium.
Culture filtrates were collected,
pH value determined.

combined, and the final

The final pH of the combined

filtrates never varied more than .05 pH units from the
check flask.

13
The effect of various sugars on growth of j3. camelliae
was compared on the synthetic medium.

Individual carbon

sources were added to the medium, after sterilization, at
the rate of 15 g/l.Growth was measured after 5» 9, 13»
and 1? days

at 20 C,

The effect

on growth was also measured.

of glucose concentrations

Concentrations of 0, 1,5.

5.0, 15, 25, 35, 50, 75, and 150 g/l were used.

The effect

of concentration was difficult to evaluate because of the
presence of a mucilaginous substance that adherred to the
mycelial mats and was considered a polysaccharide.

The

total growth, therefore, was separated into a polysaccharide
fraction and a mycelial fraction.

The fungal colony was

omnimixed for 10 sec in 100 ml of pH 7.0 phosphate buffer,
placed in a boiling water bath for 1 5 min, and centrifuged
for 10 min at 10,000 rpm.

The precipitate represented

the

mycelial fraction and the difference was considered
polysaccharide.
1,5 volumns

When the supernatant was combined with

of cold

ethanol, the polysaccharide readily

adherred to a glass stirring rod (6).

This compound also

gave a positive periodic acid-Schiff*s reaction for
polysaccharide,
The effect of various nitrogen sources on the growth
of S, camelliae was compared in the basal synthetic medium.
The nitrogen compounds were added at the rate of 0.5 g
nitrogen per liter.

The effect of nitrogen concentration

on total dry weight and mycelial growth was also measured.

Concentrations of .05, .25, 0.5, 0.75, 1.0, 1.5, and 5.0 g
nitrogen per liter were used.

The cultures were incubated

9 days at 20 C.
The influence of various vitamins on growth was
determined in the synthetic medium after 9 days at 20 C.
In an addition series, vitamins were added to the medium?
whereas in the deletion series, one vitamin was deleted
from the medium which then contained the rest of the
vitamins.

The effect of various concentrations of biotin

and thiamine on growth was measured.

All glassware for the

vitamin studies was acid washed and rinsed in tapwater and
distilled water.
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RESULTS
Storage Temperature
Storage temperature was an important factor in the
longevity of S. camelliae in culture (Table 1),

The fungus

was readily reisolated after 12 months from all cultures
stored at 15 C but not from those cultures stored at 20 C.
The addition of carrot juice diminished the longevity of
the fungus particularly at 15 C,

The fungus was

successfully reisolated from wheat cultures stored at
15 C for 30 months.
Good mycelial growth occurred in buffered wheat
cultures as compared to poor growth in unbuffered cultures.
Very good growth resulted from the addition of biotin and
thiamine to the buffered wheat cultures.

These cultures

(buffered plus biotin and thiamine) were used as stock
cultures during the remainder of this study.

Sclerotial Production
No sclerotia were produced on the semisynthetic
med ium in the absence of any supplements (Table 2 ).
The addition of biotin induced limited mycelial growth
(27 mm).

The addition of both biotin and thiamine induced

abundant microconidial production, although mycelial
growth was still limited ( 3 1 mm).
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Table 1. Effect of temperature and carrot juice on longevity
of Sclerotinia camelliae isolate H stored on whole wheat

Temp
(C)

15

20

Carrot
Juice
(ml per
culture) 3

Time (months) 13
6

12

18

2k

30

0

+

+

+

+

+

25

+

+

+

0

-

50

+

+

0

-

-

0

+

0

-

-

-

25

+

0

-

-

-

50

+

0

-

-

M

a Whole wheat (25 g/8 oz bottle) plus 50 ml of
distilled water, 2 5 ml distilled water and 2 5 ml carrot
juice, and 50 ml of carrot juice added before autoclaving,
b Data represent 15 attempts to reisolate the
fungus* "+" indicates positive reisolation, "0" represents
negative reisolation, and
indicates no reisolation
attempt made.
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Table 2, Influence of natural products and vitamins added
to a semisynthetic medium on sclerotial production by
Sclerotinia camelliae after 3 weeks at 15 C

Natural Productsa

Vitamins13

None

Wheat
Flour

Carrot
Juice

Wheat Flour &
Carrot Juice

LSD
59S

Mean

198
244
239
273

106
149
122
167

Total sclerotial dry we ight/culture
None
Biotin
Thiamine
Both

0
0°
o.
0d

112
24?
117
317

40
47
47
53

271
300
325
300

LSD 5%

0

167

8

37

Mean

0

198

47

299

45e
229e

Total number of sclerotia/culture
None
Biotin
Thiamine
Both

0.0
0.0
0.0
0,0

7.4
8.2
13.0
24.4

3.6
3.8
4.2
4.2

12.8
14,6
16.6
16.2

LSD 5%

0.0

13.0

0.5

2.9

Mean

0.0

13.3'

4.0

15.1

15.8
10.4
12.7
18.5

6.0
6.7
8.5
11.2
3.9e

12.0e

a Wheat flour and carrot juice were added at the rate
of 5° g and 100 ml per liter,^respectively. Data represents
the average of five replicates.
Vitamins were added at the rate of 5 J*g/l biotin and
100jig/l thiamine,
c

Mycelium growth averaged 27 mm,

d Mycelium growth averaged 31 mm with abundant microconidial formation.
e

LSD $% for mean*

The addition of wheat flour and carrot juice to the
semisynthetic medium significantly increased the total dry
weight and number of sclerotia per culture (Table 2).
Sclerotial production was significantly increased by the
addition of an exogenous supply of biotin and thiamine to
the medium.

The addition of wheat flour and/or carrot

juice stimulated sclerotial production by S. camelliae
(Table 2),

More and bigger sclerotia were produced by the

addition of both wheat flour and carrot juice than were
produced by the addition of either one alone.
Many other additives stimulated sclerotial production
to some extent.

Some stimulatory products and their rates

in g/l included oatmeal, tomato paste, camellia petals, and
corn meal (50)t powdered milk, yeast extract, and peptone
(10)s casein hydrolysate (2.68), ammonium nitrate (1.21),
potassium nitrate (3 *0 3 ). urea (0 .9 1 ), glutamine (2.21),
and asparagine (2.0).
The largest number of sclerotia, 25, were produced
at a constant temperature of 16 C for 3 weeks (Table 3.
treatment 4),

A first week temperature of 20 C

(treatment 5) decreased the number of mature sclerotia
but did not affect the total number of sclerotia,

A first

and second week temperature of 20 C (treatment 6) delayed
maturation of sclerotia.

The largest number of microconidia

were produced at a constant temperature of 20 C (Table 3 ,
treatment 7).

The number of microconidia was greatly
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Table 3 , Influence of temperature on sclerotial and
microconidial production of Sclerotinia camelliae after
3 weeks

Temp (C)
Weeks
_________
Treat
ment

No, sclerotia/culturea

1

2

3

1

12

12

12

0.0

2

20

12

12

3

20

20

k

16

5

Microconidia

Total

(X 1 0 6 )

7.0

7.0

0.85°

1.2

9.8

11.0

2.24

12

0.0

11.0

11.0

59.76

16

16

18,0

7.0

25.0

18.75

20

16

16

10.5

13.0

23.5

29.00

6

20

20

16

0.0

13.8

13.8

58.96

7

20

20

20

0.0

3.0

3.0

131.00

8

2k

2k

2k

0,0

0.0

0.0

72.38

9

20

2k

2k

0,0

0,0

0.0

29.62

10

20

20

2k

0.0

0.0

0.0

36.05

a

Mature13

Immature

Data are averages of four replicates,

b Mature sclerotia were uniformly black; whereas,
immature sclerotia were various shades of grey to black,
c

i

Data are averages of five counts from one culture.
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reduced by increasing or decreasing the third week
temperature as shown by comparing treatments 3* 6, and 10
with 7 of Table 3.
Sclerotia produced on GWA were stimulated to produce
mycelium by a 5-c*ay temperature of either 38 or -10 C alone
or accumulative (Table 4),

Untreated sclerotia failed to

produce mycelium after 3 weeks.

Mycelium was produced

after 1 week at 15 C by sclerotia placed under 0.4$ water
agar supplemented with biotin and thiamine (Table 5).
All sclerotia placed under the unsupplemented agar produced
mycelium after 12 weeks,

Apothecial Production
Sclerotia were not stimulated to produce apothecia
by any of the means employed in this study.
night at

An 8 hour

5 C and a 16 hour day at 15 C failed to stimulate

sclerotia to produce apothecia.

The existence of a sexual

mechanism for apothecial formation was not demonstrated.
No apothecia were formed from the spermatized cultures
during the 2-month observation period.

None of the

following chemicals, at concentrations indicated, stimulated
apothecial production*

1 M--acetic acid, L-ascorbic acid,

calciferol, choline chloride, citric acid, coumarin,
L-cysteine, 2 ,4-dichlorophenoxy-acetic acid,
2 ,4-dinitrophenol, glycine, indole-3 -acetic acid, malonic
acid, 1 -naphthaleneacetic acid, pelargonic acid, propionic
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Table
Influence of temperature pretreatments on mycelial
production by sclerotia of Sclerotinia camelliae after 3
weeks at 15 C

% Sclerotia forming myceliuma
Temp for second 5 days
Temp for first
5 days

Room temp
38 C

Room temp

- 10 C

0

100

80

70

a Ten sclerotia used per treatment. Care was taken
to prevent the transfer of mycelium along with the sclerotia
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Table 5. Effect of temperature, sclerotial position in
flask, and vitamins on mycelial production from sclerotia
after 1 and 12 weeks at 15 C

% Sclerotia forming mycelium8Sclerotia placed
on top of agar
Temp
(C)

15

20

Vitamins
addedb

1 wk

12 wks

Sclerotia placed
under agar
1 wk

12 wks

None

0

0

0

100

Biotin

0

0

0

100

Thiamine

0

0

0

100

Both

0

0

100

100

None

0

0

0

100

Biotin

0

0

0

100

Thiamine

0

0

0

100

Both

0

0

0

100

a Biotin (5 ug/l) and thiamine (100 ug/l) were
added to
o 25 ml of 0
plain agar in a 125 ml Erlenmeyer
Erl
flask.
Ten sclerotia used per treatment.
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acid, pyridoxine, pyruvic acid and succinic acid; 0,5 M —
adenylic acid,

and_ L-aspartic acid;..OvOl M— amino benzoic

acid, calcium pantothenate, catechol, cholesterol,
7-dehydrocholesterol, ergosterol, gibberellic acid,
indole-3-butyric acid, indole-3-propionic acid, inositol,
L-malic acid, menadione, nicotinic acid, oxalic acid,
L-phenylalanine, riboflavin, L-serine, beta-sitosterol,
stigmasterol, L-threonine, DL-alpha-tocopherol, and
2,4,5-trichlorophenoxypropionic acid; 10# casein hydrolysate
and coconut milk.

Effect of Temperature
The fungus grew well over a rather narrow range of
temperatures

(Fig. 1),

Favorable temperatures for growth

were between

10 and 25 C, the optimum being 20 C,

At

temperatures above the optimum, the amount of growth
dropped abruptly.

The extent of growth at temperatures

below the optimum was progressively less down to 5 C,
where no growth was observed.

Effect of Hydrogen Ion Concentration
The fungus was capable of growth over a pH range
from 2.5-5.5

(Fig, 2),Best growth occurred from pH 3*5"

4.5 with the

optimum.being'pH 4.0,. '.
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100

-
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DRY

WEI GHT

( MG )

200

5

10

15
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25

T E M P E R A T U R E ( C)

Pig. 1, Influence of temperature on total dry weight of
Sclerotinia camelliae after 7 days on PDB

30

25

500 _

oc

200 _

100

2.0

3.0

4.0

5.0

6

pH

Fig, 2, Effect of pH on total dry weight of Sclerotinia
camelliae in a synthetic medium after 9 days at 20 C

7.0
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Effect of Carbon Source
Results (Table 6) show that total dry weight
increased more rapidly on glucose than any other sugar
tested.

There was no significant difference between total

dry weight on glucose and that on sucrose after 17 days.
Fructose and sucrose supported growth equally well during
the first 13 days,

Mapnose and raffinose were generally

better sources of carbon than the remainder of the sugars
tested.

All sugars tested supported growth of S, camelliae

except rhamnose, arabinose, and ribose.
The total dry weight was separated into mycelial
and polysaccharide fractions.

Glucose and sucrose supported

the best mycelial growth and fructose, raffinose, and
mannose produced good mycelial growth (Table 7).

In

general, a progressive increase in mycelial growth was
directly related to an increase in total dry weight for
the various carbon sources.
Glucose was used to determine the influence of
carbon concentration on growth because of its performance
in the previous experiment.

As the amount of glucose in

the medium increased so did total dry weight (Fig, 3).
The majority of the increase was due to the polysaccharide
fraction, especially at the higher carbon concentrations.
Total weight sharply increased with the addition of 15 g/l,
leveled off at 35 g/l, and continually increased up to 150
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Table 6, Effect of various carbon sources on the total dry
weight of Sclerotinia camelliae on arsynthetic medium at 20 C

Total dry weight (mg)a
Carbon
source

5 Days

9 Days

13 Days

17 Days

Glucose

293 Ab

**78 A

56** A

**96 A

Fructose

173 S

323 B

**82 B

39** B

Sucrose

139 BC

36** B

**73 B

**87 A

Mannose

131 BCD

251 C

382 C

36 6 B

Raffinose

12? B C D f,.

312 B

363 c

338 B

Maltose

10** CDE

198 CD

2**9 D

220 C

Lactose

8** CDEF

127 E

17** E

1**5 D

Galactose

75 CDEF

1**9 DE

180 E

1 6 3 CDE

Xylose

66 DEF

110 E

169 E

22** C

Trehalose

5** EF

99 E

16 7 E

210 CE

Rhamnose

30 F

38 F

36 F

**7 F

Arabinose

21 F

22 F

28 F

21 F

Ribose

19 F

3** F

39 F

31 F

None

19 F

22 F

25 F

27 F

a Data represents an average of two tests with three
replicates each.
b

Treatments means are statistically different at the

5% level of probability (Duncan's tfultiple range test) if
they do not have aseommon letter.

Table 7, Effect of various carbon sources on total and
mycelial dry weight of Sclerotinia camelliae on a synthetic
medium at 20 C after 9 days

Dry weight (mg)
Carbon
source

Total3-

Mycelium^1

Percent
Mycelium

Glucose

b?5

26l

55

Sucrose

k£ 8

268

62

Raffinose

3^1

85

25

Fructose

323

126

39

Mannose

288

91

31

Galactose

199

26

Maltose

190

26

Lactose

13^

17

Xylose

95

17

Trehalose

92

31+

None

17

9

a

Data represents an average of three replicates eachj
total dry weight of mycelium and polysaccharide,

k

Data from one observation.

Fig. 3, Influence of glucose concentration on growth of
Sclerotinia camelliae after 9 days at 20 C. Total weight
data represent the average of two tests with three
replicates each; mycelial fraction data represent the
average of two tests with one replicate each

1200

DRY

WEIGHT

( MG)

1000

800

TOTAL
600

400

MYCELIUM
200

150

GLUCOSE

(G/L)

31
g/l.

Mycelial weight gradually increased with increasing

glucose concentrations.

Effect of Nitrogen Source
Marked differences in total dry weight were obtained
with the different nitrogen sources (Table 8),

Nitrates

and ammonia were better nitrogen sources than were the
amino acids with the possible exception of valine.

The

two nitrites did not support growth under the test
conditions.

Potassium nitrate, sodium nitrate, and ammonium

tartrate served equally well as nitrogen sources for growth.
The concentration of nitrogen had a significant
effect on polysaccharide production and mycelial growth
of S, camelliae (Fig, ^ ) ,

Concentrations of 0,25-

0.75 g/l were optimum for total dry weight with
concentrations from 0 .0 5 -0 , 7 5 producing greatest dry weight
of the mycelial fraction.

In the absence of a nitrogen

source, a large amount of total dry weight, 2 5 5 nig, was
recorded as compared to only 15 mg dry weight for the
mycelium fraction.

Effect of Vitamin Source
The results (Table 9) show an absolute requirement
for biotin and a partial requirement for thiamine by
S, camelliae.

No effects were observed by either the

addition or the deletion of the other vitamins.

Total
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Table 8, Effect of various nitrogen sources on total dry
weight (mycelium plus polysaccharide) of Sclerotinia
camelliae in a synthetic medium after 9 days at 20 C

Individual
nitrogen
source

Nitrogen
group

Mean of
group total
dry wt. (mg)

Individual
total dry
wt, (mg)

4l6

NITRATES

486a
479
3 82
316

Potassium nitrate
Sodium nitrate
Ammonium nitrate
Calcium nitrate
AMMONIA

411
Ammonium
Ammonium
Ammonium
Ammonium

469
402
392
382

tartrate
sulfate
chloride
nitrate
21 1

AMINO ACIDS
Valine
Arginine
Leucine
Glutamin acid
Aspartic acid
Alanine
Proline
Glutamine
Methionine
Phenylalanine
Tyrosine
Histidine
Threonine
Isoleucine
Asparagine
Glycine
Tryptophane
Serine
Lysine
Cysteine
Cystine
NITRITES
Potassium nitrite
Sodium nitrite
NONE

437
367
346
335
332
315
312
301
278
264
259
227
187
18 5
140
71
28
26
12
5
. 5
5
5
5
26l

a

Data are the averages of three replicates.
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TOTAL
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DRY
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( MG )

400

MYCELIUM
100

0

0.5

1.0

1.5

NITROGEN. ( G /L )

Fig. 4, Influence of various concentrations of sodium
nitrate on total and mycelial dry weight of Sclerotinia
camelliae at pH 4,0 for 9 days at 20 C

5.0
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Table 9. Influence of vitamins on growth of Sclerotinia
camelliae after 9 days at 20 C on a synthetic medium

Total dry wt. (mg)

Vitamins

Cone.
(jig/l)

Addition
series8-

Biotin

10

209° Ad

Thiamine

10

Inositol

1000

Deletion
series8

6b

A

46. B

224

B

54

B

426

C

41

B

494

CD

10

28

B

504

CD

Nicotinic acid

100

35

B

518

D

Calcium pantothenate

100

49

B

519

D

Riboflavin

100;

29

B

513

D

None
Pyridoxine

a Each vitamin was added singularly to the synthetic
medium.
b Each vitamin was systematically deleted from the
synthetic medium containing the remaining vitamins.
0
Data represent the average of two tests with three
replicates each.
Treatments means are statistically different at the
5% level of probability (Duncan’s multiple range test) if
they do not have a common letter.

dry weight (Table 10) consistently increased with additions
of up to 100 jig/l biotin and 2$0 jig/l thiamine (the highest
concentrations used in this test).

The particular

combination of biotin and thiamine did appreciably influence
growth.

For instance, biotin concentrations above Ijxg/l

in combination with a thiamine concentration of 25 0 jxg/l
generally produced the most growth.
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Table 10, Effect of biotin and thiamine concentration on
growth of Sclerotinia camelliae after 9 days at 20 C on a
synthetic medium at pH 4,0

Biotin
cone.
(/»g/l)

Total dry wt.

(mg)a

Thiamine conc.

Cm g / D
Biotin
mean

1

10

100

250

0 ,1

248

268

342

364

1.0

283

354

365

406

5.0

272

382

373

451

370

10.0

28l

367

342

458

362

5 0 .0

283

373

444

346

362

100.0

385

394

383

457

405

Thiamine mean

292

355

375

4l'4

306

*

350

a Data represent the average of two tests with
three replicates each.

DISCUSSION
S, camelliae was successfully reisolated from wheat
cultures kept at 15 C for 30 months.

This method of storage

produced better results than the methods of Alford and
Sinclair (2 ) and McCain (2 2 ).

These investigators kept

cultures viable on PDA for 6 . 5 and 9 months, respectively.
Their cultures were stored at room temperature.

This seemed

to be an important oversight in their results since storage
temperature was shown to be a limiting factor to longevity
of the fungus in the present study.
Wheat was a good source of nutrients for increasing
the storage time of the fungus.

The kernels allowed

maximum penetration of the fungus throughout the culture
and separated easily for reisolation of the fungus.

The

addition of biotin and thiamine to the wheat cultures
stimulated growth.

These cultures were used as stock

cultures until they became contaminated.

Continuous

subculturing of the fungus on PDA was therefore not
necessary and the problems of loss in vigor and

eratic

growth patterns were eliminated.
The production of sclerotia was stimulated by many
natural products and inorganic nitrogen sources.

Sclerotial

production was, therefore attributed to nutritional
requirements of the fungus rather than to the requirement
of an unknown stimulating substance.

The action of biotin and thiamine on sclerotial
production was not clear since wheat flour and carrot juice
presumably contain both vitamins.

Lilly and Barnett (20)

studied sclerotial formation in a number of species of
Sclerotiniaceae and concluded that sclerotial production
was directly related to vitamin requirements.

Vitamins do

not have a specific effect on sclerotial production, but
where a fungus has a total or partial vitamin requirement,
an external supply is essential for both growth and
sclerotial production (17).

The requirements for biotin

and thiamine for limited sclerotial formation were supplied
by the wheat flourj however, an additional external supply
was necessary for maximum sclerotial production on the
medium.
More sclerotia were produced at a constant
temperature of 16 C than at any other temperature or
temperature combination, while maximum microconidial
production occurred at a constant 20 C,

These results

confirm earlier reports by Hansen and Thomas (1*0 and
Barnett and Lilly (5) of sclerotial formation between 15
and 18 C, but are in contrast with their reports of
microconidial production being greatest near 2^-25 C,
The length of time at 16 C was important in maturing
sclerotia.

Initial temperatures of 20 C for 1 and 2 weeks

systematically reduced the number of mature sclerotia.

This

is in agreement with the general conclusion by Hawker (1?)
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that the time which elapses before visible initials are
present and the rate at which these develop into mature
sclerotia are greatly influenced by temperature,

The

reverse was true for microconidial production since the
longer a culture was kept at 20 C, the more microconidia
it produced.
Previous investigators (4, 28) have indicated the
possible importance of summer and winter temperatures in
the production of apothecia by sclerotia.

Results presented

here show that mycelial production by sclerotia was
influenced by short storage periods at temperatures of 38
and/or -10 C',

It was also shown that sclerotia readily

produced mycelium when placed under the agar surface,
indicating the possible importance of free.water.

The

production of mycelium indicated the resumption of activity
of the otherwise dormant sclerotia.
these dormancy-breaking

An investigation of

factors could help in determining

the mechanism of apothecial production in nature.
The optimum temperature for mycelial growth observed
in this study agrees with results of Haasis and Winstead
(13) who reported maximum growth at 20 C,

Hansen and

Thomas (1*0 reported mycelial growth was favored by
temperatures of 1 5 - 1 8 C,

However, Barnett and Lilly (5)

reported mycelial growth being more rapid at 2 5 than at
18 C,

The origin and maintenance conditions of the various

fungus isolates may account for the different optimum
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temperatures reported for mycelial growth.

The 20 C optimum

reported for growth coincides with the temperatures reported
(13) as favoring infection and pathogenesis by S. camelliae.
It is important to maintain an optimum pH for fungal
growth especially in nutritional studies, yet such factors
as temperature, age, and nitrogen source may shift the pH
growth curve (8).

These factors are especially important

In unbuffered media.

In the present study, a 0.15 M

citrate-phosphate buffer was useful because the final pH
after autoclaving, and after 9 days' incubation was almost
identical to the initial pH.

The optimum pH was found to

be 4.0, which was comparable to earlier reports (5) of
4,5-4.7j although this report was for an unbuffered medium.
There have been few attempts to analyze the mechanism
of action of pH on growth.

It is known that pH may act in

several different ways, such as influencing enzyme action,
altering metal solubility, modifying surface reactions, and
preventing or facilitating the entry of vitamins, organic
acids, and minerals into the hypha (18),
Increasing the concentration of glucose in the medium
had a significant effect on total dry weight of the fungus.
The total dry weight was separated into a mycelial and a
polysaccharide fraction.
medium

did

seem

fraction present.

to

The concentration of sugar in the

affect the relative percent of each

For most fungi, higher sugar concentrations

result in increased growth until other constituents of the

1*1

medium, especially nitrogen, become limiting and an
absolute as well as a relative decrease in growth occurs
(8),

This was not the case with S, camelliae at the sugar

concentrations tested.
Most carbon sources tested supported fungal growth. In
general, the hexoses were better carbon sources than the
pentoses.

Glucose and to a

lesser extent fructose and

mannose were good carbon sources.

Most fungi are able to

utilize these hexoses because they are easily phosphorylated
and therefore enter directly into glycolysis (8),

The

oligosaccharides— sucrose, raffinose, maltose, and lactose—
were readily utilized by the fungus.

Sucrose, the

characteristic sugar of higher plants, is generally a good
source of carbon for most fungi (8) and was shown to be a
very good carbon source for S. camelliae.
The carbon source was an important factor in the
production of mycelium and polysaccharide by the fungus.
In general, those sugars which produced the most total dry
weight also produced the most mycelial growth and therefore
the least amount of polysaccharide.

The influence of the

carbon source on polysaccharide production is important and
should be considered when evaluating different sugars,
Karkenny, Wilson and Lilly (19) reported good polysaccharide
production by Psuedomonas isolates on glucose, galactose,
sucrose, maltose, and mannose.

Some polysaccharide was

produced on lactose, raffinose and arabinose.

The nitrogen
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source was also found to influence polysaccharide production.
Since total dry weight was not divided into mycelial and
polysaccharide fractions the apparent differences in total
weight for the different nitrogen sources may not necessarily
reflect real differences in mycelial weight in the same
proportions.
Total dry weight (polysaccharide

and mycelial) of

S. camelliae was high when nitrates, ammonia, and selected
amino acids were used as nitrogen sources.

Poor growth on

nitrites has "been attributed to free nitrous acid formed
during autoclaving (8),

The ability of £>. camelliae to use

nitrate, ammonium, and organic nitrogen justified its
inclusion in group XX of Robbins' classification (24),
The most important factor effecting the optimum
amount of nitrogen is the carbon supply (8).

Any factor

may change the optimum concentration of the nitrogen source.
For the test conditions, the optimum concentration of
nitrogen was 0,5 g/l.
In the absence of a nitrogen source, 255 mg of total
dry weight was recorded.

Only 6,6% of this weight was

mycelium with 93*4# representing the polysaccharide,

This

high polysaccharide production by S. camelliae could explain,
the atypical results obtained in the carbon concentration
experiment.

At the very high carbon concentrations,

nitrogen could be limiting, thus stimulating the fungus to
accumulate polysaccharides,

Bernier found four wood rotting

ii-3

fungi produced an abundance of polysaccharide in a high
carbohydrate-low nitrogen medium (10).
The dependence of S, camelliae on an exogenous supply
of biotin and thiamine for growth is in agreement with an
earlier report (5).

There was a total requirement for

biotin and a partial requirement for thiamine.

The

importance attributed to inositol by Barnett and Lilly (5)
was not substantiated here because the isolate of
S. camelliae used made only scant growth at 25 C,
Additionally, no stimulatory effects on growth were
observed by the presence of pyridoxine, nicotinic acid,
calcium pantothenate and riboflavin.
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